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METHOD AND APPARATUS FOR 
HYDROGEN SULPHIDE REMOVAL 

Background of Invention 

[0001] The present invention relates to a method and apparatus for removing acid 
gases including hydrogen sulphide and carbon dioxide from a gas stream. In 
particular, it relates to the treatment of gas streams emanating from produced or 
stored unrefined crude petroleum, or from a produced natural gas stream or from 
other sources. 

[0002] Crude oil is a mixture of many hydrocarbon liquids and gases entrained or 

dissolved in the liquids. Such gases include lower alkanes (methane, CI ; ethane, 

C2; propane, C3; butane, C4) as well as carbon dioxide and hydrogen sulphide. 

The liquids are typically mid-range hydrocarbons, (C5 to C7) and higher-level 

hydrocarbons (C8 and above). Mid-range hydrocarbons (pentane, C5, hexane, C6 

and heptane, C7) are normally in a liquid state at room temperature but have 

significant vapor pressures at ambient temperatures and therefore contribute to 

the vapor phase in the mixture of gases above the liquid crude. Other gases 

entrained in oil include hydrogen sulfide. Landfill gas contains mainly CO and 

methane. Emissions from coal- fired and most oil refining operations contain 

mainly CO and SO 
y 2 2 

[0003] 

Some of the gases in crude petroleum, especially hydrogen sulphide, are 
extremely toxic and must be separated from the crude oil before shipment to a 
refinery. Typically, hydrogen sulphide in crude oil storage tanks is disposed by 
partial incineration in a flare stack, in the field. The flaring process burns the 
hydrocarbons, hydrogen sulphide, hydrogen, and any other flammable vapors in 



Page 1 of 27 



the produced gas stream. Unfortunately most flaring processes involve low 
temperature, low pressure and incomplete combustion of hydrocarbon gases in 
particular, as evidenced by the orange color seen in flare stack flames, which is 
typical of incandescent carbon. Since the gas stream entering the flares typically 
contains a flame retardant in the form of carbon dioxide, oxygen from the air is 
less able to react with the hydrocarbons from the gas stream. This results in only 
partial combustion of some of the flared gases producing carbon monoxide, 
carbon plus water and sulfur dioxide from hydrogen sulphide combustion. 
Complete combustion or incineration of acidic hydrocarbons produces sulfur 
dioxide, water and carbon dioxide. Considering how noxious the by-products 
produced by the flaring process are, flaring and/or incineration are only marginal 
improvements over simply letting the gas stream into the atmosphere. Both carbon 
dioxide and sulfur dioxide, each for their own reasons, are serious industrial 
pollutants today worldwide. 

[0004] Produced natural gas at the wellhead often contains hydrogen sulphide. Small 
amounts of hydrogen sulphide are routinely removed from produced gas before 
distribution to customers by passing it through heated amine scrubbers at a 
significant capital and operating cost Large amounts of hydrogen sulphide and 
other undesirable gases in produced gasc re much more expensive to remove. 
Often gas wells with high H S and/or CO ^ to hydrocarbon gas ratios are left 
dormant because of the high cost of H S and/or CO ^ removal. 

[0005] The use of ammonia to remove hydrogen sulphide is well known, however, it 
has not been considered an efficient process because the high disassociation 
pressure of the resulting ammonium sulphide required large amounts of ammonia 
and water to maintain the reaction equilibrium in favour of ammonium sulphide. 

[0006] 

Alternatively, as disclosed in U.S. Patent No. 2,866,679 issued to Lamont, 
December 30, 1 958, a solution to this problem involves maintaining the ammonia- 
hydrogen sulphide reaction at very high pressure, in the order of 3500 psia. 
Working at such high pressures has its disadvantages as it requires pressure-rated 
vessels and piping and introduces additional cost, complexity and risk to the 



Page 2 of 27 



operation. 

[0007] It is also known to remove hydrogen sulphide from gases by contacting them 
with iron oxide in the form of pellets, powder or iron oxide sponge [ Iron sulphide 
is formed which is then reacted with oxygen to regenerate the iron oxide and form 
elemental sulfur. This process does not affect or remove other acid gases such as 
carbon dioxide. Also, the removal of spent iron oxide sponge impregnated with 
sulfur is a difficult and noxious task. 

[0008] Therefore, there is a need in the art for a method and apparatus for efficiently 
removing acid gases including H^S and CO ^ , which does not involve incineration 
and is cost-effective. Simultaneous removal of H S and CO ^ is particularly 
desirable due to CO being a serious pollutant, and a flame retardant in any 
combustion process. It would be advantageous if the apparatus were compact and 
portable allowing installation and practice of the method oi a relatively small scale. 
Such a method and apparatus may permit the reclamation of low volume gas wells 
previously deemed uneconomic. 

Summary of Invention 

[0009] We have found that acid gas removal may be efficiently and effectively 

accomplished by contacting a gas stream comprising the acid gas or gases with 
gaseous and aqueous ammonia in the presence of solid iron, preferably but not 
necessarily at substantially standard pressure and ambient temperature, The 
presence of solid iron appears to have surprising and unexpected beneficial 
effectson the ability of the ammonia to react with the acid gas or gases and to 
remove it from the gas stream. 

[0010] Therefore, in one aspect, the invention comprises a method for removing an 
acid gas from a gas stream comprising the steps of: 

[001 1] (a)providing a closed reaction vessel having a gas inlet and a gas outlet; 

[001 2] (b)partially filling the vessel with a solution of ammonia such that the vessel 
contains a liquid phase of dissolved ammonia and a gas phase of ammonia; 
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[0013] 

[0014] 

[0015] 
[0016] 

[0017] 
[0018] 

[0019] 

[0020] 
[0021] 

[0022] 
[0023] 

[0024] 
[0025] 

[0026] 

[0027] 



(c) providing a source of solid iron in contact with either or both of the gas and 
liquid phases; 

(d) introducing the gas stream into the gas inlet and contacting the gas stream 
with the gas phase and liquid phase; and 

(e) recovering the purified gas stream from the gas outlet. 

Where the acid gas comprises hydrogen sulfphde, it is believed that the overall 
reactions taking place in this process are as follows:N 



NH (g) + H ^ S(g) -> -> NH ^ HS (aq) (dissociates to ammonium ions and 
bisulphide ions into solution) (1) 

2NH +1 (aq) + 2HS _1 (aq) + Fe(s) = FeS(s)+H2 (g)Fe +2 (aq) + 2S " 2 (aq)+H 

4 +1 
(g) + 2NH (aq)( 2a) 

Fe +2 (aq) + S ~ 2 (aq) = FeS(s)( 2 b) 

If carbon dioxide is also present in the gas stream, it is believed that carbon 
dioxide is removed through the following reaction: 

NH (g) + CO (g) + H ^ O (I) = NH ^ HCO ^ ( 3) 

In a preferred embodiment, an amount of a strong base such as potassium 
hydroxide may be added to the liquid phase to assist in the removal of hydrogen 
sulphide through the following reaction: 

2KOH (aq) + H 2 S(g) = K 2 S (aq) + 2H ? O (l)( 4) 

In a preferred embodiment, a surfactant may be added to the liquid phase to 
control the effervescence of the ammonia from the liquid phase to the gas phase. 

In another aspect, the invention comprises an apparatus for scrubbing acid gas 
from a gas stream comprising: 

(a) a closed reaction vessel for containing a treatment fluid comprising aqueous 
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and gaseous ammonia, said vessel having at least one reverse weir dividing the 
vessel into at least two chambers and having a gas inlet in one chamber and a gas 
outlet in another chamber; and 

[0028] (b)a source of solid iron within the vessel wherein said iron source may be in 
contact with either of or both the aqueous and gas phases of the treatment fluid. 

[0029] In one embodiment, the source of solid iron is the interior surface of the vessel 
itself, which may be comprised of uncoated low carbon steel. In one embodiment, 
the ammonia solution may also comprise a surfactant or a strong base or both a 
surfactant and a strong base. 

[0030] In one embodiment, the apparatus may further comprise a gas outlet 

comprising a baffle tower. The baffle tower may include a tower having a plurality 
of transversely extending baffles which alternate from opposing sides of the tower 
to cause the gas stream to divert through a circuitous path through the tower. In a 
particular embodiment, the tower is square in cross-section and the baffles are 
angled downwardly. 

Brief Description of Drawings 

[0031] The invention will now be described by way of an exemplary embodiment with 
reference to the accompanying simplified, diagrammatic, not-to-scale drawings. In 
the drawings: 

[0032] iFgure 1 is a schematic representation of the process of the present invention. 

[0033] Figure 2 is a cross-sectional view of an embodiment of the invention in its 
apparatus form. 

[0034] Figure 2A is an end view of the embodiment shown in Figure 2. 

[0035] Figure 3 is a cross-sectional view of an alternative embodiment of the 
apparatus. 

[0036] Figure 4 is a cross-sectional view of another alternative embodiment of the 
apparatus. 
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Detailed Description 

[0037] Uhe present invention provides for methods and apparatus for treating a gas 
stream to remove hydrogen sulphide and other acid gases from the gas stream. 
When describing the present invention, the following terms have the following 
meanings, unless indicated otherwise. All terms not defined herein have their 
common art-recognized meanings. 

[0038] A.Definitions 

[0039] The term "acid gas" refers to compounds which normally exist as a gas at 
standard (2 5 ° C) ambient temperature and pressures (101 .1 kPa) and which 
dissolve in water to fformacidic solutions. 

[0040] The term "weir" refers to a barrier across a closed vessel which functions to 
contain liquid on one side of the weir until the liquid reaches a level higher than 
the weir, at which point some liquid will spill over the weir to the other side of the 
weir. A "reverse weir" is a barrier across a closed vessel containing a liquid which 
functions to contain gas on one side of the weir until the gas reaches a level lower 
than the reverse weir at which point some gas will pass under the reverse weir to 
the other side of the weir. 

[0041] B.Description 

[0042] 

In its method form, the invention comprises the treatment of a gas stream to 
remove acid gases by contacting the gas stream with gaseous and aqueous 
ammonia in the presence of solid iron. The present invention has primary 
application to the removal of hydrogen sulfidesulphide and carbon dioxide from a 
gas stream emanating from produced or stored unrefined crude petroleum oil. The 
present invention may also be adapted to treat sour natural gas at the wellhead or 
any other source ofa ndesirable acid gases, which may include from air or gaseous 
clean-out operations performed within existing wells where foam and/or liquids 
may be used as viscosifying carrying agents, from under-balanced air or gaseous 
drilling of a well where foam and/or liquids may be used as viscosifying carrying 
agents, from drill stem testing or production testing or from any other waste gas 
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streams such as well workovers, well recompletions, well completions, well 
pressure transient surveys, flowline/pipeline decompressions and evacuations, oil 
and gas plant maintenance turn-arounds, casing gas venting, truck venting or 
automotive exhaust gas emissions. 

[0043] In one embodiment, the acid gases in the present invention are removed by 
contact with gaseous ammonia in the presence of iron, under low or moderate 
pressure, at ambient temperatures in a closed system. The system is closed to 
atmospheric oxygen and nitrogen. aexcept for any nitrogen and oxygen which may 
be part of the gas stream being treated. The iron may be provided in the form of 
carbon steel and preferably low carbon steel where the carbon and chromium 
content each do not exceed about 0.07%. Those skilled in the art may readily adapt 
the present invention to treat high-pressure gas streams by utilizing pressure 
rated vessels and appropriate inlet and outlet fittings. Such adaptations are 
intended to be included within the scope of the invention claimed. 

[0044] Without being limited to a theory, it is believedi that the ammonia, evolved 

from aqueous ammonia solution, and hydrogen sulphide react, in the presence of 
solid iron to form ammonium bisulfiphe (ammonia hydrogen sulfiphe). The 
ammonium bisulphide is very soluble in water and therefore will dissolve and 
immediately dissociate into ammonium and bisulphide ions. Although Bisulphide 
ions do not dissociate readily into hydrogen ions and sulphide ions, but some 
bisulphide ions will react with iron to form iron II ions, likely by the action of the 
hydrogen in the bisulphide ions on the iron, i.e., making iron more positive by 
removing two electrons from each iron atom. This leaves sulphide ions and iron II 
ions in proximity of each other. Since iron II sulfiphe is insoluble in water, iron II 
sulfiphe precipitates. Hydrogen gas will be a by-product of this reaction. 

[0045] 

Another perspective is that the hydrogen sulfiphe gas reacts with the ammonia 
gas, in the presence of water vapour and iron in low carbon steel, to produce 
hydrated ammonium ions and hydrated bisulphide ions. Even though many steps 
are likely involved in these reactions, in the system, the reactions described may be 
good approximations of overall processes. The actual mechanism or mechanisms 
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of the reactions occurring in the system, epend on the ambient temperature, 
moisture, pH of the solution, and gas concentrations in the reactor, at a particular 
point in time. The claimed invention is not intended to be limited by any specific 
reactions or mechanisms described or suggested herein. 

[0046] It is also believed, without being limited to a theory, that the carbon dioxide in 
the gas stream also reacts with ammonia, but more slowly than does the hydrogen 
sulfiphe, to form mostly ammonium bicarbonate. This reaction likely takes place in 
the gas phase but is assisted by the presence of solid iron. Since iron is a 
crystalline substance, unlike pipe coatings or plastic pipes such as Teflon ™ 
coating or ABS plastic, the ammonium bicarbonate uses the iron only as a 
crystallisation site. Ammonium bicarbonate is also soluble in most aqueous 
solutions. 

[0047] In one embodiment, the above-described processes take place in a closed 
vessel, at substantially atmospheric pressure and at ambient temperature. In a 
typical application, the pressure may be slightly elevated as a result of the 
incoming gas stream pressure but only slightly so. Therefore, it is not necessary 
for the vessel to be pressure-rated. However, the present invention is not limited 
to atmospheric or low pressure applications. The chemical reactions appear to be 
primarily exothermic so that the process temperature may also be slightly 
elevated., It is believed that internal vessel temperatures do not exceed 50 0 C 
during operation. 

[0048] In its apparatus form, one embodiment of the invention is represented in 

Figure 2 as a closed reactor vessel (1 0). The vessel is made from low carbon steel 
and may preferably be formed, but not necessarily, as a horizontally cylindrical 
vessel having end walls(1 1). In one embodiment, the vessel is partitioned internally 
by a single reverse weir (1 2) to create an inlet chamber (1 4) and a downstream 
outlet chamber (1 6). The reverse weir (1 2) leaves a small opening at the bottom 
permitting fluid communication between the inlet and outlet chambers. Preferably, 
the inlet chamber is smaller than the outlet chamber and more preferably is about 
one-half the size of the outlet chamber. 
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[0049] 



The reverse weir (1 2) is preferably transverse and vertical. However, it may be 
diagonal or longitudinal in orientation and offset from the vertical in alternative 
embodiments. 



[0050] A coupling (1 8) on top of the vessel (10) may be used to introduce fluids into 
the vessel while another coupling (20) on the bottom of the vessel may be used to 
withdraw fluids when necessary or desired. A pressure relief valve or vent valve 
(21) may be provided. 

[0051] In one embodiment, the gas stream passes through the vessel (1 0) only under 
the pressure of the incoming gas stream. If necessary or desired to increase the 
flow rate, the gas stream may be pressurised upstream of the vessel (1 0) by any 
known or conventional means. Alternatively, if the pressure of the incoming gas 
stream is too great, resulting in excessive flow rates through the vessel (10), it may 
be necessary or desirable to downregulate the pressure by any known or 
conventional means. 

[0052] 

A gas inlet (22) with a ball valve (23) is provided at the top of the inlet chamber 
(14). In one embodiment, the gas inlet is a coupling (22), which connects to the gas 
stream source. A gas outlet (24) is provided at the top of the outlet chamber. In 
one embodiment, the gas outlet includes a baffle tower (26) in which residual gas 
scrubbing takes place, predominantly of carbon dioxide if it is present in the gas 
stream. The baffle tower (26) comprises of a substantially vertical tower (28) 
having a plurality of internal baffles (30), which interrupt and divert the gas flow as 
it passes through the tower (28). In a preferred embodiment, the tower (28) 
comprises an elongated square insert having a length to width ration of about 
3.5:1 . The top of the tower (28) is sealed except for a coupling (32) for the gas 
exit. There are a plurality of baffles (30), each of which transverses the tower (28), 
preferably angled downward at about 30 0 . The baffles alternate from each side of 
the tower as is illustrated in Figure 2. As will be appreciated, the gas phase 
undergoes significant turbulence, and therefore mixing, as it passes through the 
baffle tower (26). Preferably, the baffles (30) and tower (28) are made from the 
same low carbon steel as the vessel and are uncoated. It is believed that the iron in 



Page 9 of 27 



the low carbon steel facilitates the reaction of carbon dioxide and ammonia, 
evidenced by the deposition of ammonium bicarbonate on the baffles during 
operation. 

[0053] in one embodiment, the baffle tower (26) may be hinged (31) to open up to 
facilitate cleaning the baffle tower (26).T 

[0054] In another embodiment, shown in Figure 4, the baffles (430) may be hinged or 
flexibly attached to the tower (428) insert and means (440) provided for 
periodically flexing or moving the baffles. This periodic flexing of the baffles may 
assist in removing solids, which have encrusted onto the baffles. As seen in Figure 
4, one example of a non-powered flexing means comprises a float (450) which 
floats on the liquid in the outlet chamber and which is connected to the baffles by 
a push rod (460). The fluctuation in the liquid level in the outlet chamber will cause 
the baffles to be moved up and down by the float (450) and push rod (460). 

[0055] In one embodiment, a liquid phase re-circulation system is used to increase 

the concentration of ammonia in the gas phase thereby increasing the exposure of 
the acid gases to ammonia. The re-circulation system may also function to wash 
any solids which form on the inner surface of the vessel (1 0) into the liquid phase. 
The re-circulation system includes a small pump (34) which draws fluid from the 
bottom of the vessel and pumps it through a spray bar (36) having a plurality of 
perforations acting as nozzles. The spray bar (36) is situated near the top of the 
vessel and sprays the liquid through the gas phase and onto the inner surface of 
the vessel. Alternatively or in addition to the spray bar (36), the pump may 
occasionally pump liquid to the top of the baffle tower (28) where it is sprayed 
onto the baffles and allowed to trickle down through the baffle tower. Power for 
the pump may supplied from any electrical source, air source, natural gas source 
or photovoltaic cells (not shown) if power lines are not available at the installation 
site. 

[0056] The re-circulation system may operate continuously or may be operated 

periodically under control of a timer or a control system (not shown), which may 
employ sensors to determine conditions within the vessel. 
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[0057] The incoming gas stream builds up in the inlet chamber (14), mixing and 

reacting with the ammonia in the gas phase, and lowering the level of the liquid in 
the inlet chamber (14). Because the vessel (1 0) is closed, the liquid level in the 
outlet chamber (1 6) rises by a corresponding volume. When the liquid level is 
driven below the level of the reverse weir (12) between the inlet and outlet 
chambers (1 4, 1 6), a quantity of gas is transferred to the outlet chamber (1 6) and 
replaced in the inlet chamber (1 4) by an equivalent volume of liquid. This periodic 
transfer of gas within the vessel agitates the liquid in both chambers, releases 
ammonia from the liquid phase, and mixes the gas phase in both chambers. 

[0058] In one embodiment, the vessel (1 0) is made from 36,000 psi,00ow carbon steel 
and is horizontally cylindrical. The vessel may be approximately 38 inches in 
diameter and 45 inches long. As such, the internal volume is approximately 29 
cubic feet or 81 7 liters. The reverse weir (1 2) transversely divides the vessel (10) 
into inlet and outlet chambers where the outlet chamber (16) is approximately 
twice the size of the inlet chamber (14). It is to be understood that the dimensions 
or orientation of the vessel and the chambers are not limitations of the claimed 
invention unless specifically claimed to be so. The size of the vessel may be 
tailored to the expected gas volume and flow rate of the particular source of gas 
stream to be treated. 

[0059] The vessel may be divided into more than two chambers. Additional chambers 
may result in more efficient scrubbing of acid gases and/or greater capacity to 
retain the sulphides and carbonates produced in the scrubbing process. In another 
embodiment, the vessel is divided into three chambers by two reverse weirs. The 
chambers may increase in size from the inlet chamber to the middle chamber and 
finally the outlet chamber. 

[0060] 

In another embodiment employing a vessel of larger capacity, as seen in Figure 
3, the vessel (310) is horizontally cylindrical, approximately 72 inches long and 
approximately 38 inches in diameter. The vessel is internally divided into four 
chambers by three weirs. The first weir (31 2) extends upwardly to separate the gas 
inlet chamber ,314) leaving a gap at the top of the vessel. The gas inlet chamber 



Page 11 of 27 



includes a quantity of ammonia solution as do the downstream chambers. The gas 
inlet includes a downcomer (316) to bubble the incoming gas through the liquid 
phase in the gas inlet chamber (314). The second (31 8) and third (320) weirs are 
reverse weirs. In this embodiment, the incoming gas accumulates in the gas inlet 
chamber (314) and the second chamber (319) until the liquid level in the second 
chamber falls below the level of the second weir (318). A quantity of gas then 
transfers to the third chamber (321). When sufficient gas has accumulated in the 
third chamber (321) to drive the liquid level below the level of the third weir (320), 
a quantity of gas then transfers to the fourth (gas outlet) chamber (322). 
Preferably, the gap underneath the third weir (320) is higher than the gap left by 
the second weir (3 1 8) in order to prevent reverse transfer of gas within the vessel 
(310). 

[0061] Although a re-circulation system is not shown in Figure 3, it will be apparent 
that a pump system as shown in Figure 2 may be adapted to the embodiment 
shown in Figure 3 or any other embodiment of the invention. In this embodiment, 
an internal control structure support (33) for the baffles (30) is provided within the 
baffle tower (28). 

[0062] In one embodiment, a sight glass (40) may be attached to the vessel to provide 
a means for visually inspecting the liquid level within the vessel (1 0). The sight 
glass may be attached to couplings (42) near the top and bottom of the vessel, on 
the end of the vessel. 

[0063] In one embodiment, the vessel (1 0) is compact and designed to be portable by 
being skid mounted. It may therefore be easily transported from site to site or 
replaced at any installation as necessary. 

[0064] j n use ^ vessel (1 0) is partially filled with a concentrated ammonia solution 
to a level which at least covers the gap of the reverse weir (1 2), or the highest 
reverse weir, if there are more than one. The ammonia solution preferably has a 
concentration of ammonia of about 25 grams per 1 00 ml of solution or 26 BE. . 
Preferably, the vessel is filled with the ammonia solution between about 2% to 
about 20% of its volume. More preferably, the vessel is filled to about 5% to about 
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1 5% of its volume with the ammonia solution. Because of the significant vapour 
pressure of ammonia, which largely remains unreacted and in molecular form in 
water, much as carbon dioxide does in water, any rise in temperature will 
accelerate the effervescence of ammonia, and cause a significant portion of the 
ammonia to effervesce over time and occupy the vessel as the gas phase.. This 
movement of ammonia to the gas phase is a natural tendency (it is an entropy 
increase) and is possible through a wide range of temperatures. 

[0065] Optionally, an amount of a strong base such as potassium hydroxide may be 
added to increase the basicity of the liquid phase and aid in capturing additional 
hydrogen sulphide at the liquid phase-gas phase interface. Potassium hydroxide 
will react with hydrogen sulphide to produce potassium sulphide and water. The 
hydroxide ions from potassium hydroxide will also shift the ammonia-hydrated 
ammonium ion equilibrium toward ammonia, making more ammonia gas available 
to react with hydrogen sulphide. In one embodiment, saturated KOH solution is 
added to the aqueous ammonia in an amount between about 1% to about 2% by 
volume. 

[0066] In one embodiment, the liquid phase may also comprise a surfactant to control 
the evaporation rate of the ammonia from the liquid phase. The surfactant will 
cause a foam layer to float on the liquid phase, thereby limiting ammonia 
evaporation from the liquid phase. Suitable surfactants include nonionic, anionic or 
cationic surface tension reducing agents[luch as fatty acid soaps. Preferred 
surfactants are ones that increase in viscosity as their temperature rises . Silicon 
based surfactants which increase in viscosity with a concomitant rise in surface 
tension as the temperature rises, may assist to prevent the release of excess 
gaseous ammonia within the vessel. 

[0067] 

It is important to regulate the inlet pressure if the source gas stream is 
pressurized to limit the flow rate of gases through the vessel. If the flow rate of 
gases is too high there may be insufficient contact time between the reactants to 
effectively remove hydrogen sulphide and carbon dioxide. We have found that a 
vessel having a capacity of about 29 cubic feet may effectively treat 1 0,000 cubic 
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feet of incoming gas in 24 hours where the incoming gas stream includes 
hydrogen sulphide at about 1 50,000 PPM and carbon dioxide at about 265,000 
PPM (see examples below). The upper limit of gas flow rate may vary with the 
concentration of the hydrogen sulfidesulphide and carbon dioxide in the incoming 
gas stream and with other factors as may be determined by one skilled in the art. 

[0068] In one embodiment, the vessel may itself serve as the source of solid iron if the 
vessel comprises uncoated low carbon steel. In a preferred embodiment, the low 
carbon steel comprises less than about 0.07% carbon and less than about 0.07% 
chromium. The vessel itself is thus sacrificed by the operation of the system and 
must be replaced when the vessel wall thickness reaches approximately 3 mm. 
Alternatively, or in addition, low carbon steel ingots or other forms such as pellets 
or sheets may be placed within the vessel to serve as the iron source. In one 
embodiment, the ingots may be placed on a tray in a downstream chamber above 
the liquid level, so that the ingots are washed in the solution when the solution 
level rises due to in-flowing gas pressure. This provides an iron source in addition 
to the reactor itself. 

[0069] Because the vessel is closed, there is no source of oxygen other than what is 
present in the gas stream being treated. Therefore, the iron within the vessel is 
substantially free of iron oxide and is available to the process in its solid, non- 
oxide form. 

[0070] The liquid phase may be withdrawn at regular intervals along with any 
precipritated solids such as iron sulphide, and dissolved ammonium 
bicarbonate,anissolved ammonium bisulphide, and dissolved ammonium sulphide 
and replaced with a fresh charge of aqueous ammonia which may include a 
surfactant and a strong base as described above. 

^° 071 ^ It may be desirable or necessary to condense mid-alkane vapours such as 

pentane, hexane and heptane from the incoming gas stream before they reach the 
vessel. If such vapours condense within the vessel, there is a possibility that they 
could coat or foul the iron sources and prevent or inhibit the desired chemical 
processes of the present invention. Condensers to knock out such C5 to C7 
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hydrocarbons, while leaving lower hydrocarbons in the gas phase, are well known 
in the art. 



[0072] In the examples presented below, the present invention is capable of reducing 
hydrogen sulphide to near undetectable levels of 0-5 PPM but certainly below the 
safe eight hour working threshold level of 1 0 PPM and CO down to 0 PPM . If it is 
necessary or desirable to scrub any residual hydrogen sulphide out of the gas 
stream, the effluent gas from the vessel may be passed through additional vessels 
of any configuration containing ammonia or a surface tension reducing surfactant 
or both. 

[0073] The resulting effluent gas which has been scrubbed of hydrogen sulphide and 
carbon dioxide will be predominantly natural gas which may then be burned in an 
electrical generating system sent to market or used to fuel on-site facility burners. 

[0074] EXAMPLES 

[0075] The following examples are representative of the claimed invention and are not 
intended to be limiting in any manner. 

[0076] Example 1 

[0077] A horizontally cylindrical vessel formed of 36,000 psi uncoated low carbon 

steel was provided, substantially as illustrated in Figure 2. A 60 litre charge of an 
26 BE ammonia solution including 0.296 surfactant and 1 .75 % potassium hydroxide 
(v:v concentrated KOH) was connected to the gas effluent from a crude oil storage 
tank. The incoming gas pressure was approximately 1 to 3 ounces above 
atmospheric pressure. A small pump powered by natural gas was used to re- 
circulate the liquid phase through both a spray bar and to the top of the baffle 
tower as described above. The incoming gas was tested using a laboratory gas 
chromatograph showing the gas concentrations shown in Table 1 below. The 
effluent from the gas outlet was tested both with a field GasTec unit and with a 
laboratory gas chromatograph. As is apparent, the hydrogen sulphide 
concentration was reduced to a negligible level and carbon dioxide reduced to 
undetectable level. 
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[0078] 
[0079] 

[tl] 

ITable 1] 



Gases 


ChromatographicGas 
Content rat ion Before 
REACTOR (PPM) 


GasTec Gas 
Concentration 
AfterScrubbing 
(PPM) 


ChromatographicGas 
Concentrations; 
Output from 
REACTOR (PPM) 


Hydrogen 
Sulphide 


148,400 


28 


0.0 


Carbon 
Dioxide 


266,300 


0 


0.0 


Hydrogen 


700 


N/A 


3000 



A black precipitated solid was found in the bottom of the vessel and determined to 
be iron sulphide. Also, ammonium bicarbonate was found within the vessel and 
encrusted to the baffles in the baffle tower indicating that the ammonia- carbon 
dioxide reaction took place in the baffle tower. After desiccation,the liquid phase 
was found to include large concentration of ammonium bisulphide, ammonium 
sulphide, iron II sulphide, and ammonium bicarbonate, all in solid crystalline form. 

[0080] Example 2 

[0081] Under conditions similar to that in the above example, except that no fluid re- 
circulation system was provided, the following gas concentrations as shown in 
Table 2 were recorded before and after treatment in the vessel 

[0082] 

[t2] 

Table 2 
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Chromatographic 


GasTec Gas 


Chromatographic 




Gas 


Concentration 


Gas 


Gases 


Concentration 


ATter 


L-Oinceniraiions, 




Before REACTOR 


Scrubbing 


Output from 




(PPM) 


(PPM) 


REACTOR (PPM) 


HydrogenSulphide 


110,100 


0 


0 


Carbon Dioxide 


121,300 


0 


0 


Hydrogen 


0 


n/a 


4,400 



[0Q83] After desiccation of the liquid phase, it was .found to include ammonium 

bisulphide, ammonium sulfide, iron II sulphide, and ammonium bicarbonate, all in 
solid crystalline form. 

[0084] As will be apparent to those skilled in the art, various modifications, 

adaptations and variations of the foregoing specific disclosure can be made 
without departing from the scope of the invention claimed herein. 

[0085] 
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